Introduction and objectives. Encephalitozoon cuniculi is an obligate intracellular parasite infecting especially domestic rabbits; however, spontaneous infections have been documented in other mammalian species such as dogs, cats, rabbits, horses, cows and sheep all over the world. Encephalitozoonosis is a chronic and latent disease leading to renal failure, encephalitis, disorders of brain and urinary tract, and may lead to death. There are limited reports on encephalitozoonosis in wildlife, which is why the aim of this study was to detect the prevalence of antibodies to E. cuniculi in European hares. Materials and methods. Samples of blood sera from 701 wild hares from the Czech Republic (n = 245), the Slovak Republic (n = 211) and Austria (n = 245) were examined by indirect immunofluorescence antibody test (IFAT); samples with titer ≥ 40 were marked as positive. Results. The total seroprevalence of E. cuniculi antibodies was 1.42% with titres in the range 40-640. Antibodies to E. cuniculi were detected in 2.9% (7/245), 0.8% (2/245) and 0.47% (1/211) hares from the Czech Republic, Austria and the Slovak Republic, respectively. Conclusions. This is the first detection of antibodies to E. cuniculi in hares from Europe showing that hares could be exposed to E. cuniculi infection, however with a low rate.
INTRODUCTION AND OBJECTIVE
Encephalitozoon cuniculi was first identified in a group of laboratory rabbits in 1922 and currently is considered a zoonotic parasite [1] . The most frequently infected animals are domestic rabbits [2] ; however, spontaneous infections have been documented in other mammalian species [1] . Encephalitozoonosis is a chronic and latent disease leading to renal failure, encephalitis, disorders of brain and urinary tract and may lead to death [3] . The first description of encephalitozoonosis in European hare (Lepus europeus) was in 2007 in Belgium when E. intestinalis and E. hellem were diagnosed in the kidneys of an adult free-ranging hare, with multifocal wedge-shaped chronic interstitial nephritis. Fresh kidney tissue was examined by real-time PCR and microarray [4] . In Europe, antibodies to E. cuniculi have been detected in various groups of domestic and wildlife animals, but not yet in hares. This was the reason why the aim of this study was to detect antibodies to E. cuniculi in European hares from the Czech Republic, the Slovak Republic and Austria.
MATERIALS AND METHOD
Hares. Blood sera from 701 wild European hares (Lepus europaeus) were serologicaly examined to determine specific Encephalitozoon cuniculi antibodies. These samples were Serology. The sera were tested by the indirect immunofluorescence antibody test (IFAT) using the commercial set MegaScreen Fluoencephalitozoon c. (Megacor Diagnostic, Hörbranz, Austria) containing positive and negative controls (rabbit serum) and anti-rabbit FITC conjugate. The sera were tested with the basic dilution 1:40; the samples with titres ≥ 40 were considered positive. The slides were examined under immunofluorescent microscope. In case of positive samples, the green fluorescence was visible in the microscope; if there was a red colouration of antigen (spores of E. cuniculi), the sample was considered negative.
RESULTS
701 samples of blood sera from hares were used for serological examination. Antibodies to E. cuniculi were detected in 10 (1.42%) hares with prevalence 2.9% (7/245), 0.8% (2/245) and 0.5% (1/211) in hares from the Czech Republic, Austria and the Slovak Republic, respectively. The titres of E. cuniculi were detected in the range 40-640 (Tab. 1).
DISCUSSION
Encephalitozoon cuniculi is a parasite that primarily infects rabbits [5] . After infection, the specific antibodies to E. cuniculi could be detected by serological methods; these antibodies remain in the animals throughout their lifetime [3] . Except in rabbits and other domestic animals, antibodies to E. cuniculi were also detected in wildlife and zoo animals [6] . In 2007, E. intestinalis and E. hellem were diagnosed in the kidneys of a free-ranging European hare (Lepus europaeus) in Belgium [4] . The hare was one of five which were found dead in the same area during one month. The visible kidney lesions were similar to lesions caused by E. cuniculi in rabbits; nevertheless, by using methods of molecular biology the pathogens were determined as E. intestinalis and E. hellem.
In the presented study, 701 samples of blood sera from hares were used for serological examination. This is the first detection of E. cuniculi antibodies in hares. Therefore, the presented results can be compared with similar studies perfomed in European rabbits (Oryctolagus cuniculus) belonging to the same order Lagomorpha. For example, the seroprevalence 24.7% (20/81) was detected by IFAT in wild rabbits in Australia [7] , 44.7% (21/47), in wild rabbits from the Slovak Republic tested by ELISA [8] , and 3.9% (8/204) in wild rabbits from France tested by IFAT [9] .
During 1993-2012, several seroprevalence studies were performed in various groups of animals from the Czech Republic. The serological prevalence in domestic animals was much higher than the prevalence in hares from the current study. One explanation for this may be the fact that domestic animals could be more often in contact with rabbits which are the primary hosts of E. cuniculi. Rodents also play an important role in spreading this infection because they can contaminate the water and food with E. cuniculi spores. In the Czech Republic, a high prevalence of E. cuniculi antibodies was found in laboratory animals, such as guinea pig, Syrian golden hamster and rat [10] . E. cuniculi was also determined in wild animals, the European otter (Lutra lutra), stone marten (Martes foina) [11] , and wild mouse (Mus musculus musculus, M. m. domesticus) [12] . Hares may be primarily infected by the ingestion of food and water contaminated with E. cuniculi spores, and when they become prey for foxes or other carnivores, encephalitozoonosis can spread through other wild animals.
In the Slovak Republic, the situation is similar to that in the Czech Republic. According to the results of serological studies carried out ins 1996-2010, much higher prevalences were also detected in domestic and other wildlife animals than in hares from the current study. For example, E. cuniculi antibodies were detected in 4.4% of wild boars [13] .
In Austria, there are no seroprevalence studies, E. cuniculi was determined by PCR in 6% (16/268) of voles (Microtus arvalis) and in 7% (6/86) of European water voles (Arvicola terrestris) [14] ; other groups of wild animals have not yet been examined in this country.
E. cuniculi antibodies were detected in 0-95% [10] , 32.4%, and 68% [5] laboratory and pet rabbits from the Czech Republic, in 100% [15] , 41.7% [16] and 21.3% [8] of domestic rabbits from the Slovak Republic, and in 37% and 78.3% of pet rabbits from Austria [17] .
Encephalitozoonosis is an important zoonosis, antibodies to E. cuniculi were found also in humans from the Czech and Slovak Republics. Immunocompromised people, such as HIV positive patients, alcoholics and intravenous drug abusers are a risk group [18] , however, antibodies to this parasite were found also in a healthy population [19] . Humans may be infected by the ingestion of food and water contaminated with spores of this parasite, [1] but it is possible that there are other ways of infection. In humans, E. cuniculi may affect the nervous and respiratory system, digestive tract, kidneys, and also the endocrine and lymphatic systems [20, 21] with diarrhoea, pneumonitis, urinary tract infection and systemic diseases described among immunodeficient patients [21, 22] . The infection in a healthy population is mostly without clinical signs.
In other European countries, antibodies to E. cuniculi were detected in 7.5% -85% of pet rabbits from Switzerland [3] , 31.6% pet and 67.2% of farm rabbits from Italy [23, 24] , and in 52% of domestic rabbits from the United Kingdom [25] . The results of serological examinations may be variable due to many factors, such as the number of animals, gender, and their age, because the risk of infection increases with the age of the animals [23] . In the case of hares and other wildlife, it is important whether they live in a rural or urban environment; it can also be affected by the climate and geographic location.
For future research, it will be convenient to realize some detailed seroprevalence study in hares of different gender, age, from different regions and districts during the different times of year, and analyse the risk factors of this infection.
CONCLUSIONS
The antibodies to Encephalitozoon cuniculi were detected in blood serum from 701 wild European hares in the Czech Republic, the Slovak Republic and Austria. The total seroprevalence of E. cuniculi antibodies was 1.42%, with titres in the range 40-640. This is the first detection of E. cuniculi antibodies in hares, showing that hares could be exposed to E. cuniculi infection; however, with a low rate. 
